▪ Neuroendocrine Neoplasms (NENs) represent a heterogeneous class of rare malignancies. ▪ Surgery is the treatment of choice for primary non-metastatic NEN. ▪ The liver is the most frequently affected site by neuroendocrine metastases.
ABSTR AC T
Neuroendocrine neoplasms (NEN) are a heterogeneous type of malignant disease and frequently present with symptoms caused by the secretion of metabolically active substances or the manifestation of distant metastases, with the liver being the most frequent site of spreading. Early diagnosis of metastatic disease is recognized as the major prognostic factor in NEN patients. Complete surgical resection is feasible in only selected cases. For patients with unresectable liver metastases, various locoregional treatment approaches are available. Over the last decade, therapeutic procedures including locoregional and systemic treatments have been investigated for gastroenteropancreatic NEN (GEP-NEN), especially for metastatic disease to the liver. Only a few prospective clinical trials have compared these approaches, and the management of individual patients remains subject to clinical expertise and judgement. Locoregional treatments are applicable in patients with limited metastatic involvement of the liver, and may be used for tumor debulking and symptom control in patients with diffuse liver involvement.
Introduction
Neuroendocrine Neoplasms (NENs) are a heterogeneous class of rare malignancies with variable tumor biology and characteristics. Only a minor percentage of NENs are metabolically active. The worldwide incidence has steadily increased over the past decades. In the literature from Northern Europe an incidence of 3.24/ 100 000 is reported, while the incidence in the USA has reached 5.25/100 000 [1] .
The clinical studies on tumor detection and treatment mainly focus on gastroenteropancreatic NENs (GEP-NENs), which include subgroups of tumors with or without hormone secretion capacity. Functionally active tumors release different peptide hormones. In intestinal and pancreatic neuroendocrine tumors (NETs), metastatic disease is highly prevalent. Metastases are present in 65-95 % of patients suffering from GEP-NEN when initially diagnosed [2, 3] . The lungs, liver and bone are the sites that are frequently affected by metastatic spreading [4, 5] . The liver is the site most frequently affected by metastases, and the prevalence depends on the primary location of the tumor, the tumor spread, which is characterized by the T-stage, histological differentiation and the proliferation index. The tumor biology and the presence of distant metastases are key prognostic factors. In comparison to patients with non-metastatic NEN, these two tumor characteristics correlate with a significant reduction in overall survival (OS) [6] . Patients suffering from metastatic NEN have reached a 5-year OS of 56-83 %, while patients with metastatic pancreatic NEN have a 5-year OS of 40-60 % [7] . For GEP-NEN, the aggressive treatment of hepatic metastases has proven to be beneficial for the quality of life and OS [8] , despite the fact that liver surgery is generally not a curative option. Even if R0 resection is confirmed histopathologically, the recurrence rate 5 years after surgery reaches 94 % [9] .
The clinical treatment decision has to be made on an individual basis, relying on histopathological and immunohistochemical findings, and many patients are not amenable to complete resection because of multifocal metastatic disease.
According to consensus guidelines from national NET databases, the prognosis for metastatic midgut NET has improved over the last decades. The 5-year OS is reported to reach 50 % to 60-80 %, according to different patient cohorts. The 5-year OS in metastatic pancreatic NET has reached up to 60 % in patients undergoing multidisciplinary treatment. These strategies include surgery as well as locoregional and systemic treatment such as SSA or PRRT [10] . Debulking procedures in non-resectable metastatic disease have shown to be beneficial, resulting in an improvement of the 5-year OS rate, reaching 75 % [9] . The combi-nation of hepatic debulking and local ablative treatments showed comparable results without further improvement [11] .
The consensus guidelines are based on the clinical benefit from the differentiation of 3 patterns that have been observed in NEN patients regarding the presence of liver metastases, influencing the therapeutic outcome according to the consensus guidelines: The first group of liver metastases (20 % to 25 % of patients) affects only one lobe of the liver or is restricted to 2 adjacent segments, which can be effectively treated by anatomical resection of the liver segments. The group showing a complex pattern (10 % to 15 % of patients) is characterized by metastases in one liver lobe, while the other lobe shows only small satellite metastases. These lesions are accessible to locoregional treatments. 60 % to 70 % of patients already present with diffuse metastases or metastases of the liver, requiring systemic treatment.
For patients who are not eligible for local treatment, systemic therapeutic options are available. Somatostatin analogs (SSAs) have shown an antiproliferative effect in prospective randomized controlled trials, including the PROMID and CLARINET study [12, 13] . SSAs are the established first-line therapy in functionally active NEN [14, 15] . Interferone-alpha (INF-alpha) is approved for midgut NET treatment, when other drugs are not available. A randomized trial including 400 patients under SSA therapy evaluated INF-alpha compared to bevacizumab (SWOG trial) [16] . For patients with pancreatic NET and metastatic foregut NET grade 2 and NEN grade 3 who cannot be treated surgically, chemotherapeutic agents have proven to have an impact on treatment outcome [17, 18] . In pancreatic NEN, the chemotherapeutic regimen using streptozotocin is combined with doxorubicin and/or fluorouracil, and reaches response rates of 30 % to 40 % [19] . A high rate of partial remission of 70 %, and progression free survival (PFS) of 18 months and an OS of 92 % at the 2-year follow-up in metastatic pancreatic NEN were reported after combined treatment using temozolomide and capecitabine [20] . In metastatic neuroendocrine carcinoma (NEC) grade 3, the combination of cisplatin and etoposide is recommended [21] .
New treatment approaches in pancreatic NEN involve targeted therapies such as Everolimus and Sunitinib. Everolimus has an inhibitory effect on the mammalian target of the rapamycin (mTOR) pathway, while Sunitinib inhibits the tyrosine kinase pathway. The RADIANT 3 study is a randomized, placebo-controlled trial, which has shown an improvement of the median PFS from 4.6 months to 11 months for Everolimus, while only 5 % of the patients had an objective response [22] . Sunitinib treatment resulted in a higher PFS of 11.4 months vs. 5.5 months in a placebo-controlled, multicenter phase 3 study, with a rate of objective response of 9.3 % [23] .
In retrospective trials, peptide receptor radionuclide therapy (PRRT) has shown efficacy in non-operable, low grade NETs, which are defined as G1 or G2 tumors, showing high expression of Somatostatin receptor (SSTR) subtype 2. SSTR expression is demonstrated by In-111 octreotide scintigraphy (Octreoscan) or Ga-68 labeled peptides for PET/CT imaging [24, 25] . PRRT has been performed with Yttrium-90 or Lutetium-177 and has demonstrated disease control rates of up to 68 % and response rates of up to 30 % in pretreated and advanced stage patients [26, 27] . The first multicenter randomized controlled phase 3 study evaluating Lu-177 Octreotate for the treatment of inoperable midgut NEN (NETTER-1 trial) reported an increase in PFS of 65.2 % vs. 10.8 % for patients treated with long acting SSA. In the PRRT treatment arm, objective response was observed in 18 % vs. 3 % in the SSA treatment arm [28] .
Considering the vast armamentarium of therapeutic regimens that are available for NEN patients, treatment options facilitating the sequential use of different therapeutic agents to implement a high success rate and a low rate of adverse events are an integral component for improving survival and maintaining good clinical status. The role of locoregional treatment approaches is evolving in this field.
Imaging and Staging
Staging procedures are essential for accurate initial diagnosis in NEN, for tumor detection, assessment of the tumor stage and for treatment planning [10] . In highly differentiated NEN (grade 1 and grade 2 tumor), computed tomography (CT) can be combined with SSTR imaging, including scintigraphy or positron-emission-tomography (PET) imaging. In poorly differentiated NEN (NEC G3), CT of the thoracic, abdominal and pelvic region is regularly performed [29] . In cancer of unknown primary (CUP), a scintigraphic procedure including single photon emission computed tomography (SPECT) or PET using Ga-68 for SSR imaging should be combined with triphasic CT [29] .
Triphasic CT is the established standard diagnostic procedure in primary NET for initial tumor staging, as well as follow-up and treatment monitoring. However, metastatic involvement of lymph nodes and bone may be missed in the early stage due to low sensitivity [30] . The sensitivity and specificity in CT imaging for the detection of primary NET in different studies range from 61-93 % and 71-100 % on a patient basis, and from 77-89 % and 71-89 % on a lesion basis, respectively [31] . Corresponding values for the detection of liver metastasis range from 75-100 % and 83-100 % [32] [33] [34] [35] . For lymph node detection, the reported sensitivity ranges from 60-70 % and the specificity from 87-100 % [36] .
Magnetic resonance imaging (MRI) including dynamic gadolinium (Gd) contrast-enhanced sequences and diffusion-weighted imaging (DWI) can overcome these limitations, with available standardized protocols used for restricted body areas. 60 % to 70 % of liver metastases in NET show an increased uptake of contrast media in liver metastases during arterial phase imaging [37] , and ring enhancement has been described in up to 72 % of cases [38] .
If planar SSTR scintigraphy fails to detect NEN, hybrid imaging as a complementary procedure with PET/CT using Ga-68 labeled SSA may be considered, leading to a higher rate of detection of the primary neuroendocrine tumor and early detection of metastatic spreading [31] . Four meta-analyses of SSA PET/CT reported sensitivities of 88-93 % and specificities of 88-95 % [39] [40] [41] [42] .
Conventional bone scintigraphy and CT are less accurate [30] . F-18 DOPA PET/CT has shown favorable results in functionally active NEN and may be considered if SSR imaging results are negative [43] . F-18-FDG PET/CT has shown prognostic relevance in well-differentiated NEN and functionally active NEN, as tumor cell clones with more aggressive potential show higher FDG uptake. Endoscopic ultrasound (EUS) is preferentially used to diagnose small pancreatic NET, including MEN 1 patients [44] . Contrast-enhanced ultrasonography (CEUS) can be useful to correlate equivocal findings in CT and MRI and can be used to guide biopsy. Colonoscopy should be considered for the workup of CUP syndrome. Virtual endoscopy may be an attractive alternative to investigate disease in the small intestine.
Next to diagnostic imaging, a detailed characterization of the tumor biology is part of the diagnostic workup in NEN therapy guidelines. After histopathologic confirmation of NEN, the tumor has to be characterized according to the differentiation grade and the proliferative index. The WHO classification differentiates well and poorly differentiated NENs using immunostaining. Ki-67 (MIB1) antigen is a marker that depends on the cell cycle and is expressed in the cell nucleus [45] . The Ki-67 proliferation index is the basis for tumor grading. G1 is defined by an index < 2 %, G2 is characterized by an index of 2-20 %, and G3 shows an index > 20 %. Optionally the immunostaining of somatostatin receptor 2 (SSTR 2) can be performed. GEP-NENs that are positive for SSTR 2 show increased tracer uptake upon SSA nuclear medicine imaging [46] .
TNM staging includes information about the primary tumor site, the tumor diameter and the presence of necrosis or cysts. The location of the tumor is characterized according to anatomical landmarks, taking into consideration the resection margin after surgery. The TNM staging procedure also includes information regarding the extent of lymph node metastases and distant metastases [47, 48] .
When the comprehensive diagnostic workup has been completed, follow-up visits include biochemical parameters in addition to conventional imaging. In patients with surgically resected grade 1 or grade 2 NET, it is recommended to perform imaging with an interval of 3-6 months, while the interval is shortened to 2-3 months in NEC grade 3 [29] . In patients with liver disease that cannot be treated surgically, the follow-up interval is 3 months from initial diagnosis and then every 6-12 months in stable disease. SSTR imaging comprises Octreoscan or PET using a 68 
Surgical treatment
Surgery is the treatment of choice for primary non-metastatic GEP-NEN [49] . Surgery is performed in a curative approach in primary NEN or NEN with well-differentiated metastases, regardless of whether the primary tumor is located in the foregut, midgut or hindgut. It has been proven that the main factor influencing OS after surgery is radical excision, assuring tumor-free surgical margins [50] . Complete resection resulting in tumor-free resection margins (R0) has resulted in an improved long-term survival in midgut and hindgut tumors [51] [52] [53] [54] . The survival rate in these patient cohorts in a 5-year follow-up has been reported to reach 60-80 %, while the survival rate in patients with liver metastases that cannot be treated surgically is low (up to 30 %) [55] .
In gastric NEN, three subtypes can be differentiated that need to be considered before deciding on surgical resectability [56] . The most prevalent type is type 1 tumors, which are characterized by a low malignant potential. The structure of these tumors is polypoid. They are mainly found in the gastric body during endoscopy. Tumors are usually resected endoscopically, and endoscopic mucosal resection is the treatment of choice if the tumor diameter is 5 mm or larger [57] . Gastrectomy is an option in metastatic disease or poor differentiation. The survival rate is nearly 100 %. The follow-up is usually performed endoscopically [58] . Type 2 gastric NENs are small polyps. Patients are frequently diagnosed because of hypergastrinemia and peptic ulcers as part of MEN 1 syndrome. About 10 % to 30 % of manifestations are in a metastatic state, and the mortality is below 10 %, so surgical resection is recommended [59] . Type 3 gastric NENs are usually larger sporadic tumors with an infiltrative and metastatic tendency. Surgery is the standard treatment, with mortality rates of 30 % and postoperative tumor spreading in 50-100 % of cases [60] .
Duodenal NENs are rare tumors that manifest mostly in the upper part of the duodenum, mostly confined to the mucosa and submucosa. Lymph node metastases are present in up to 40 % of patients, and also liver metastases in 10 %. Treatment includes endoscopic or surgical resection [61] .
Small intestine NENs often present as small tumors with a high rate of metastatic disease, 80-90 % presenting with liver metastases at initial diagnosis. Due to the histopathologic rating as G1 tumors, all patients should be considered for surgery or locoregional ablative treatment [62] .
Pancreatic NENs are non-functioning tumors in 60-90 % of cases, while 10 % are part of inherited syndromes, such as insulinomas, VIPomas or glucagonomas, or as part of MEN 1 syndrome [63] . 60-70 % of patients suffer from liver metastases upon initial staging [64] . Surgical exploration and tumor resection with regional lymph node extirpation can be performed with curative intent, especially in sporadic disease, but also in syndromatic disease. Surgery is controversial only in MEN 1 disease due to a high rate of metastatic disease. EUS and SSA PET/CT can be performed presurgically to evaluate resectability in functioning tumors.
Colonic NENs are frequently aggressive and metastatic at diagnosis [65] . Treatment of patients suffering from NENs of the colon is comparable to treatment strategies for adenocarcinomas. Regional colectomy including oncological resection of lymph nodes is state-of-the-art. Tumors with a diameter of less than 2 cm can be treated endoscopically or using EMR. Surgical resection of the primary tumor is also considered in patients with distant metastases, especially if intestinal obstruction can be avoided.
NENs of the lung are rare neoplasms with a heterogeneous tumor biology. Well and poorly differentiated NENs of the lung have to be differentiated. These tumors are frequently diagnosed incidentally on chest X-ray screening or chest CT. Surgical resection is the only curative approach, and resection of the primary tumor resulting in R0 margins in combination with lymph node resection is considered the gold standard in peripheral tumors [66] .
In metastatic disease, surgery is part of the treatment protocol, is subject to debate in a multidisciplinary treatment approach, and is performed either on a curative or cytoreductive basis [67] . Further locoregional treatment approaches include ablative procedures, such as radiofrequency ablation or microwave ablation, mechanical embolization (TAME) and chemoembolization (TACE) and radioembolization (TARE) using either biological or cytotoxic or targeted agents, which are applied either locally or systemically, and will be discussed later.
Curative surgery is applicable according to the tumor biology and the presence of metastases, considering the location, size and number of tumors and the patients' general health status [68, 69] . In a curative setting, the absence of extrahepatic disease is a prerequisite [70] . The 5-year OS for patients undergoing surgery with curative intent is reported to reach 60-80 % as compared to 30 % for patients with GEP-NEN with liver metastases not treated by surgery [9] . A study evaluating the debulking of unresectable NEN metastases reported improved survival in this cohort [71] . In pancreatic NET, patients who underwent a cytoreduction of more than 70 % showed improved PFS and OS. In small bowel NET, only the PFS was improved. However, the role of debulking surgery and a possible benefit in asymptomatic patients is not yet clear, and comparative trials to systemic therapy are not available. The low incidence and differences in surgical approach for various subtypes of NEN impede randomized controlled trials in this setting.
Ablative treatment
In radiofrequency ablation (RFA), alternating current (in the range of 350-500 kHz) is used to generate heat within the tumor tissue [72] . The target tissue is heated up to 100°C leading to coagulation necrosis. Microwave ablation uses an electromagnetic field which is created by a needle-like antenna to induce heat. The electromagnetic energy causes a heating effect in the tissue, resulting in coagulation necrosis at a larger radius compared to RFA. In cryoablation, a well-defined ice ball is created using probes with argon or helium gas, resulting in irreversible tumor cell damage. The ice ball can be monitored under image guidance in real time during ablation. Irreversible electroporation (IRE) is a non-thermal procedure using short electric high-frequency pulses of high voltage between two electrodes in order to induce apoptosis, causing irreversible damage to the cell membrane. This procedure requires general anesthesia, muscular blockade and cardiac triggering in order to prevent cardiac arrhythmia. The parameters that impact the effectiveness and clinical feasibility of RFA are the diameter and location of the liver metastases. Conventional single-needle in-plane techniques using US or CT have shown limitations regarding accessibility, while recent multi-needle approaches based on CT imaging and 3 D treatment planning and stereotactic needle guidance (SRFA) have overcome these restrictions [73, 74] .
In multifocal, bilobar liver metastases of NEN, parenchymasparing debulking procedures such as enucleation or wedge resections have been associated with an improvement in the clinical status and survival rate, despite significant morbidity being associated with the intervention [11] . Locoregional ablative procedures have the potential to achieve local curative treatment comparable to surgery, while reducing morbidity and minimizing the loss of healthy liver tissue. The efficacy of locoregional therapies and palliative liver surgery or systemic therapy has not yet been compared in a randomized controlled trial. The therapeutic technique, such as RFA, hepatic transcatheter arterial embolization (TAE), chemoembolization (TACE) or selective internal radiotherapy (SIRT), is chosen based on the clinical expertise and individual patient features including the tumor size and location [75] .
Locally ablative procedures are performed using a percutaneous or laparoscopic approach in NEN patients that are potentially resectable, but also in patients not eligible for major surgical procedures [76] . The ablative techniques have shown high effec-tiveness in patients with a low tumor volume. This group includes patients with a lesion size between 1 and 5 cm and a low number of metastases (less than 6) [77] . RFA has proven to deliver symptom relief in 97 % of patients affected by liver metastases. In the follow-up, a high recurrence rate was observed, with 22 % of the patients showing local recurrence in the liver and 63 % suffering from new liver metastases [78] , resulting in a median diseasefree survival and OS of 1.3 years and 6 years, respectively. Taking into consideration the slow tumor progression and the inhomogeneous clinical presentation of NENs, RFA presents an attractive treatment alternative to surgery, due to the favorable safety profile with a morbidity of less than 5 % and a very low mortality [79] .
A systematic review on RFA in NEN liver metastases reported results from 8 studies including 301 patients [80] . 92 % had postoperative improvement in tumor-associated symptoms, lasting for 14-27 months. 63-87 % of patients had local recurrence, and the mortality rate was reported as 0.7 %. The combination of surgical resection and RFA in hepatic metastases from NEN led to comparable results in 172 patients [81, 82] .
SRFA is effective and safe in the treatment of large tumors [83] . A0 ablation is defined as an ablation resulting in a 3 D safety margin of at least 5 mm. Intraoperative imaging can be performed to verify and document this margin, using image registration (▶ Fig. 1) . Multimodal image interpretation of PET-CT during ▶ Fig. 1 a A 78- year-old woman underwent resection of a well-differentiated neuroendocrine carcinoma of the pancreatic cauda, initially staged as pT3 N1 M0 G1 L1. In the follow-up computed tomography examination, a solitary liver metastasis with a diameter of 6 cm was detected in segment VIII, showing intense contrast enhancement in the arterial phase CT (white arrowheads). b The lesion was treated by stereotactic radiofrequency ablation (SRFA) in one session. Path planning and needle placement were performed using a stereotactic navigation system. The needle trajectories were defined in the three-dimensional reconstructed planning-CT dataset. c Control CT scan confirmed accurate needle placement. SRFA allows selective targeting of active metastases recognized by 68-Ga DOTA-TOC uptake.
In treatment guidelines, RFA is considered a locoregional treatment approach that should be considered as one of the first treatment strategies in the multidisciplinary treatment algorithm, following SSA therapy [84] . RFA is applicable to prevent carcinoid crisis in patients with metabolically active tumors and has shown good results in comparison to systemic treatment in non-functioning NETs restricted to the liver and for downstaging in bulky disease [85] . The treatment can be performed repeatedly during the course of the disease.
Transarterial treatment NEN metastases generally show a high grade of vascularization. The tumors are fed by the hepatic artery. The healthy liver parenchyma is usually supplied by the portal vein. The selective catheterization of vessels supplying the tumor allows for administration of therapeutic substances into target vessels, in order to induce tumor ischemia and to apply chemotherapeutic substances locally.
Transarterial mechanical embolization (TAME) is based on the administration of particular embolization materials into branches of the hepatic artery. Conventional TACE (cTACE) uses Lipiodol as the carrier for chemotherapeutic agents and is often combined with particulate embolization. Further transarterial approaches include the application of drug-eluting beads (DEB-TACE), which are impregnated using chemotherapeutic agents including doxorubicin or irinotecan. The use of TACE for NEN patients has been described in small retrospective cohort studies for nonresectable liver metastases [81, 83] .
TACE resulted in 5-year OS rates of 50-83 %. These results are comparable to TAME trials, reporting a 5-year OS rate of 40 % to 67 % [86] . The overall response of symptoms and the response on imaging were described in 73-100 % and 33-50 % of the patients, respectively. TACE and TAME are effective with respect to symptom control in 73-100 %, with a duration of 14 to 22 months [87] .
Limiting factors regarding the application of these procedures include portal vein thrombosis, hepatic failure and comorbidities. Previously performed Whipple procedures are a contraindication, leading to a significantly higher risk of a perioperative inflammatory process and a higher rate of hepato-pulmonary shunts.
Transarterial radioembolization (TARE) using yttrium-90 (Y-90) microspheres is another novel treatment strategy for combined radiation and embolization therapy of liver metastases. TARE is a Fig. 2 This flowchart summarizes a proposal for treatment allocation in neuroendocrine liver metastases without extrahepatic disease, according to tumor characteristics and clinical status, based on the ENETS consensus guidelines [10] . Since NETs represent a rare and heterogeneous disease, the key prognostic factors are tumor biology and the metastatic spread. Randomized controlled trials are still missing so that general treatment recommendations cannot be given. Therefore, the treatment decision has to be made on an individual basis, relying on histopathological findings and the clinical presentation. The local expertise and clinical environment of the treating facility will influence individually chosen treatment algorithms. In limited disease, local curative treatment can be accomplished, either by surgery (R0 resection) or ablation (A0 ablation). Locoregional ablation procedures yield comparable results to surgery with less morbidity. If surgery or ablation are contraindicated, TAME, TACE or SIRT are an alternative. Diffuse metastatic spread is not subject to curative treatment. Systemic treatment is indicated in extensive metastatic spread and G3 tumors. A multidisciplinary treatment approach favors sequential use of available therapeutic options. Up to now, no randomized controlled trial has evaluated the role of locoregional therapies in NEC G3. However, these treatment options can be considered in NEC G3, depending on the liver tumor burden, the extent of extrahepatic metastatic spread and the tumor proliferative activity [91] .
promising new therapeutic approach that can overcome limiting factors such as portal vein thrombosis.
High radiation doses can be delivered directly to the tumor taking advantage of the fact that 80-100 % of the blood supply of liver metastases originates from the arterial rather than the portal circulation of the liver. Patients with hepatic primary or metastatic cancer that is not resectable are considered for TARE if the tumor is mainly restricted to the liver. Before deciding on TARE treatment, the arterial blood supply is evaluated on imaging, and relevant hepatic-pulmonary shunts (> 10 %) have to be excluded. TARE response rates have been reported to reach 70-90 % [88] . However, TARE is still considered to be investigational, and a trial comparing results from TARE to bland embolization is required. In addition, long term safety data on the tolerability of TARE need to be acquired before considering this therapeutic approach within the treatment algorithm, as these therapies are safe and seem to assure tumor stabilization for prolonged periods [89] . In particular, no difference in long-term outcomes has been reported when comparing surgery to intra-arterial therapies being applied in asymptomatic patients with large liver tumors, suggesting that intraarterial therapies may be an attractive alternative to surgery [90] .
Conclusion
The heterogeneity of NENs in combination with the vast armamentarium of available treatment approaches result in the need for highly individualized treatment and diligent scheduling of therapeutic approaches (▶ Fig. 2 ) depending on clinical expertise, tumor characteristics, tumor burden and extrahepatic spreading, since randomized controlled clinical trials have not yet been published.
Minimally invasive radiologic procedures are an appealing treatment solution for liver metastases in NEN, in the case of disease progression or in symptomatic NEN, offering a well-tolerated alternative to surgery and systemic treatment. They can be performed repeatedly and generally show low rates of adverse events.
Locoregional treatment of NET metastases is feasible and safe, making it possible to effectively control disease in patients with limited liver involvement. In patients with multifocal liver metastases, these procedures make it possible to control tumor-associated symptoms effectively.
